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Abstract 
In order to preliminary investigate the opportunity to whole substitute natural aggregates of conventional concrete 
with steel slag and scrap tire particles. Volume deformation, compressive and flexural strength of concrete containing 
EAF slag and (or) scrap tire particles as aggregate were experimentally investigated by strength test according to the 
specification of GB/T 50081-2002 and unrestrained specimens volume deformation test. The results indicate that the 
mechanical strength of steel slag concrete is acceptable, though slightly lower flexural strength than that of 
conventional concrete. The expansion induced form steel slag using as both coarse and fine aggregates in concrete 
may lower the shrinkage and expansion to a certain extent. By partial substitution of fine steel slag aggregate with 
scrap tire particles, both the mechanical strength and the volume stability of scrap tire particle modified steel slag 
concrete are satisfactory, with similar strength properties to conventional concrete and obvious lower volume 
deformation change. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of ICAE2011. 
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1. Introduction
The recycling of industrial waste slag is the core content of sustainable development. Steel slag,
different form blast furnace slag, is also the inevitable byproduct which is 15~20% of the production of 
crude steel in steelmaking process. Along with the annual yield of steel in China has ranked first among 
the world, nearly 740 million tons of steel slag is generated in 2009 [1]. Great amount of steel slag was 
always disposed as waste which results in the waste of resource, environmental pollution even ecological 
destruction. Now, there is not the specific regulation of the use of steel slag as aggregates in concrete [2]. 
However, the possibility of their use in concrete with technological and ecological benefits has been 
studied from different researchers [3, 4]. 
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Cement concrete is the most used materials in construction. Using steel slag as both fine and coarse 
aggregate must be an efficient way with high additional value if possible because of the high percentage 
at 70~80% of aggregate in cement concrete [5]. Comparing with other approaches of using slag in 
concrete, such as using as cement admixture or mineral admixtures, the consumption of slag will 
obviously increase as tens of times in concrete. In this paper, the basic performance of steel slag used as 
aggregate was reviewed. Then focused on the volume stability of concrete induced by the expansion of 
steel slag which retarding the recycling of steel slag in construction industry, the relevant problems were 
analyzed in detail such as the expansion mechanism of steel slag in concrete, the influential factors on its 
expansion, especially the improvement measure for controlling the volume stability of concrete using 
only steel slag as aggregate. 
In this paper, the mechanical performance of concrete with only steel slag as fine and coarse aggregate 
(SSAC) was preliminary investigated. The properties involve the compressive strength, flexural strength 
and volumetric deformation. 
2. Methodology 
2.1. Materials
2.1.1. Cement and admixture 
 
Industrial blended Portland cement, produced by grinding Portland clinker and mixing with up to 3 
mass% gypsum and about 6 mass%~15 mass% of the mixing materials (type PO42.5 according to 
GB175-2007) in the Conch cement Works was used in this study. The chemical composition of which is 
given in Table 1. Tap water was used for the production of the concrete. For insure the high fluidity of 
concrete, the commercial water reducer agent of poly-carboxyl acid superplasticizer (JMPCA) presented 
by Jiangsu Research Institute of Building Science Co. Ltd is used. 
Table 1. Chemical composition of cement and EAF slag 
Chemical composition PO 42.5 Cement EAF slag 
∑Iron oxides 3.24 18 
SiO2 21.44 28.92 
CaO 60.48 34.09 
Al2O3 5.95 3.72 
MgO 3.12 4.15 
SO3 2.12 0.13 
MnO 0.01 2.23 
Others(P2O5+TiO2+Na2O+K2O) 0.87 1.01 
Free CaO - 5.45 
Free MgO - ~1.0 
Glassy phase - <4.6 
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Table 2. Basic Physical properties of slag aggregate 
Property Coarse slag Fine slag Limestone Quartz sand Scrap rubber particles 
Size (mm) 5~25 0~5 5~25 0~5 1~5 
Gradation (GB/T 14685-2001) Continuous  Continuous Continuous Continuous - 
Fineness modulus (GB 14684-2001) - 2.5 - 2.5 - 
Apparent specific gravity(Kg/m3) 3280 3590 2470 2610 1.16 
Water absorption (%) 0.96 1.2 2.2 2.3 1.8 
Expansion average (ASTM D-4792) 3.9% 4.8% - - - 
2.1.2. Aggregates 
 
Oxidizing slag taken form the EAF, broken up into pieces was used to prepare concrete using only 
steel slag as fine and coarse aggregates. The composition of EAF slag was showed in Table 1. Table 2 
shows the main physical properties of EAF slag ready to be used as concrete aggregate. It must be 
mentioned that the stabilization treatment was not adopted for analyzing the basic performance of 
concrete fully considering the expansion of raw slag. The value of free lime content was determined 
according to GB176-1996. Limestone as coarse aggregate, river sand (quartz sand) as fine aggregate and 
Scrap rubber particles for partial substitution of fine aggregate were also used in some concrete specimen,  
see Table 2 to find their basic physical properties. 
2.1.3. Concrete mixtures 
 
All concrete mixtures were prepared kept all mix design parameters constant except for the aggregate 
constituents. Four groups of concrete mixtures were prepared with cement content of 410kg/m3, water-
cement ratio of 0.50, and fine-total aggregate ratio of 40%. The aggregates used in different groups in 
details were listed as follows: 
• Group A (OC): This group is designed as benchmark without using steel slag and Scrap rubber 
particles, in which the crushed limestone and quartz sand were used as coarse aggregate and fine 
aggregate respectively.  
• Group B (SC): In this group, steel slags with 0 ~ 5 and 5 ~ 25 continuous gradations were used as fine 
and coarse aggregates. No fine aggregate is replaced by Scrap rubber particles. 
• Group C (OC-P): Similar to the Group A, crushed limestone and quartz sand were used as aggregate. 
Meanwhile, the 10% volume of fine aggregate was replaced by crumb rubber powders.  
• Group D (SC-P): In this group, steel slag with different grains sizes were used as fine and coarse 
aggregates, and 10% volume of fine aggregate was replaced by crumb rubber powders. 
2.2. Experiment methods 
In the concrete strength experiment, the process of specimen molding, curing, test method and 
evaluation of concrete strength (including compressive strength and flexural strength) were conducted 
according to the specification of GB/T 50081-2002 (Standard for test method of mechanical properties on 
ordinary concrete) and GB 50107-2010 (Standard for evaluation of concrete compressive strength). 
In the concrete volume deformation experiment, unrestrained specimens were used with the size of 
100×100×400mm3. The copper test points with the size of Φ10×35mm were embed in the upper side of 
the specimen. Hand-hold strain gauge typed YB-25 was used to measure the volume deformation. Please 
find the more details about the measurement and calculation of volume deformation in reference [6]. 
The initial length of concrete specimen was measured and recoded directly after the mould removed at 
1.5d. The concrete specimens were laid in the constant temperature and humidity room with temperature 
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at 20±2℃ and moisture at RH(60±0.5)% for 90d and then all the specimens were submerged in water 
and measured at different ages according to schedule. Four rolling glass rods (Φ20) were used for laying 
specimens on them to eliminate the friction between specimens and the surface of experimental table. 
3. Results and discussion 
3.1. Compressive and flexural strengths 
The concrete strength results tested at 28d after standard moisture and temperature curing were 
shown in Table 3. Each of the strength values is the average of three measurements. The ratios of 
concrete strength used different steel slag and scrap rubber waste to the strength of conventional 
concrete with ordinary limestone coarse aggregate and sandstone fine aggregate were illustrated in Fig. 1. 
Table 3. Compressive and Flexural strengths at 28d of curing 
Concrete Compressive strength 
/MPa 
Flexural strength 
/MPa 
OC 45.4 9.5 
SC 59.6 9.3 
OC-P 42.8 6.7 
SC-P 51.5 6.2 
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Fig. 1. Concrete Strength ratio according at 28d                                                            Fig. 2. Concrete shrinkage 
The effect of the usage of steel slags aggregates and scrap rubber particles can be analyzed according 
to the experimental results shown in Table 3 and Fig. 1. Concretes prepared with steel slags as fine and 
coarse aggregates obtained the highest compressive strength of 59.6MPa and the nearest flexural 
strength of 9.3MPa to ordinary concrete (OC). Those two concretes prepared using scrap rubber 
particles obtained obviously lower compressive and flexural strength than relating concrete respectively. 
Concrete made using scrap rubber particles but using no steel slag as aggregate (Group OC-P) obtained 
the lowest compressive strength, while the smallest flexural strength occurred when using steel slag as 
coarse aggregate and 10% substitution of steel fine aggregate by Scrap rubber particles.   
3.2. Volume deformation 
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The volume deformation experimental results were shown in Fig. 2. Concrete specimens made with 
different raw materials and mix proportion suffered dissimilar length change, especially along with the 
age increase before and after they all were submerged in water. The substitution of partial fine aggregate 
by Scrap rubber particles obviously decreases the deformation (shrinkage or expansion) of concrete, 
whether the aggregates are steel slags or conventional gravel-sandstone. On the whole, the use of Scrap 
rubber particles makes both the shrinkage and expansion lower. As to the properties of concrete using 
steel slag as aggregates (SC, SC-P), the deformation is obvious less that of conventional concrete (OC, 
OC-P) before submerging in water (shrinkage) and expansion occurred after submerging in water at the 
age of 90d. 
4. Conclusions 
In this work the effect of using steel slag and scrap tire particles on the strength and volume 
deformation of concrete were preliminary studied to investigate the possibility of replacing the traditional 
aggregates for concrete production. Compressive and flexural strength, volume deformation of concrete 
containing EAF slag as aggregate or (and) scrap tire particles were experimentally investigated. In 
accordance with the experimental phase carried out in this study, the preliminary study conclusions 
obtained are as follows: 
•The strength performance of EAF slag concretes is similar to that of a more traditional concrete, with 
a higher compressive strength and a slightly less flexural strength. The volume deformation of SSAC 
shows dilatometric effect (less shrinkage) comparing with the conventional concrete. 
•Concretes produced with partial substitution of fine aggregate (whether steel slag or sandstone) by 
scrap tire particles obtain a lower volume deformation (shrinkage or expansion) before and after 
specimens being submerged in water respectively.  
•The use of scrap tire particles decreases the strength performance of concrete, especially the flexural 
strength. While partial substitution of fine steel slag in SSAC by scrap tire particles shows obvious 
higher compressive and flexural strength than that of concrete like Group OC-P. 
•Further researches must be investigated thoroughly for the theory and application of scrap tire 
particle modified steel slag aggregates concrete. 
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